This study examines exchange rate pass-through in a 'small country ' 
Introduction
How do exporters respond to exchange rate changes? Simple, competitive models predict that the import price in local currency will vary proportionately with the exchange rate. However, it has been widely observed that the response of export prices to exchange rate changes depends on both the country of origin and the particular industry being considered. What is puzzling about the consensus is that exporters from one country -the United States -apparently price their exports irrespective of exchange rates, while other exporting countries regularly mitigate foreign currency price fluctuations due to exchange rate changes. That is, non-U.S. exporters typically 'price to market', while U.S. exporters fully 'pass-through' exchange rate changes to prices denominated in importer's currency. This is a puzzle because the two methods of pricing exports suggest different effects on exporters' profit margins, and hence differences in market power. According to the standard competitive model, local currency prices of imports should vary in proportion to the exchange rate (see e.g., Dornbusch 1987 , Krugman 1987 . Thus, greater pricing to market (PTM) is associated with greater market power, since by definition it requires both market segmentation and the ability to vary markups. Beyond this puzzle, interest in exchange rate pass-through and PTM is intimately associated with the macroeconomic transmission of shocks via exchange rates, inflation, and the current account. Finally, note that a finding of differences in PTM behavior across countries underscores the continued existence of differences in competitive conditions despite increased global economic integration.
The puzzle is ironic since it suggests that U.S. exporters typically have less market power than do non-U.S. exporters, and that U.S. exporters are potentially more damaged by exchange rate volatility than their non-U.S. counterparts. 1 Moreover, there is considerable confusion over this issue as recently reported declines in pass-through (McCarthy 2000) appear to be at odds with increased global integration, and have been interpreted as a decrease in the pricing power of firms (Taylor 2000) . Perhaps some of the confusion arises due to the apparent failure of the 'small country' assumption when applied to the United States. That is, if the U.S. domestic market accounts for a significant fraction of global consumption, world prices may adjust subsequent to the pass-through by non-U.S. exporters. Hence, the ultimate effect will be apparent pricing to market.
Another difficulty in interpreting these PTM results (especially those studies involving the United States) concerns the impact of invoicing in the importer's currency. As noted by Gosh and Wolf (1994) and by Bleaney (1997) , stickiness of nominal prices in local currency can lead to a spurious finding of PTM, at least in the short-run. Moreover, as noted by Goldberg and Knetter (1997) , there is a similar short-run bias against finding PTM when invoicing is in the exporter's currency. Hence, there is a real sense in which additional data may help resolve this puzzle.
To date, most empirical evidence regarding export pricing is based on the experience of G7 economies (see Goldberg and Knetter 1997 for an excellent review of several strands of related research). The purpose of this study is to examine the empirical evidence on pricing to market in the context of a small open economy, vis., Hong Kong SAR. The case of Hong Kong is interesting for several reasons. First, it has a history and reputation of fierce domestic competition and open markets. Openness, defined as the ratio of imports plus exports to domestic GDP, is typically in excess of 300%, a number far in excess of the representative G7 countries. As a result, the export market is of primary importance, and the openness limits exporters' ability to subsidize foreign sales with protected domestic markets. Second, with less than one-half of one per cent of world GDP, Hong Kong would by most definitions more closely fit the 'small country' assumption of the standard competitive model. Moreover, the composition of domestic consumption is arguably only loosely related to that in the U.S., which would preclude viewing Hong Kong as part of an 'extended' United States. Finally, this study focuses on a unique data set of disaggregate bilateral exports, commodity by country, for the nine-year period 1992-2000. These represent the most detailed data available on Hong Kong's external trade. The importance of the level of disaggregation will be discussed more fully below.
The effect of Hong Kong's peg to the U.S. dollar (as it relates to export pricing) deserves comment.
First, it is obvious that it is not possible to study the effects of exchange rate changes on export prices if there is no variation in the exchange rate. For this reason exports to the United States are excluded.
Similarly, exports to the Mainland of China are excluded. In this study, the focus is on Hong Kong's next eight largest trading partners; there is ample bilateral exchange rate variation vis-a-vis this group.
Secondly, the invoicing problem may be an issue given that the Hong Kong dollar is pegged to the U.S. dollar. As discussed above, this issue is especially important for short-run analysis. Hence, the analysis in this study is conducted at an annual frequency. Thus, in the context of export pricing to non-U.S., non-Mainland Chinese destinations, the peg should be of secondary importance.
The next section sketches the textbook derivation of export pricing in the simplest possible context. The resulting first order condition is well known and surprisingly general; perfect competition and monopoly are special cases. This section also discusses estimation issues and the advantages that a combined cross-section time-series approach affords. Section 3 discusses the data examined.
Section 4 presents the estimation results and a final section concludes.
Factors Influencing Pass-Through
Starting with the textbook model of perfect competition, profit maximization implies price equals marginal cost, or, P i = C i , where, P i is the price of the i th good. If the good is traded internationally, the price in foreign currency, P i * , is simply P i * = C i S, where S is the domestic currency price of foreign exchange.
With constant marginal cost, pass-through, i.e., the elasticity of foreign currency price with respect to the exchange rate (d ln P * /d ln S), is equal to one (in absolute value). Thus, in the small country, perfect competition benchmark, local currency import prices fully reflect exchange rate changes.
If we relax the perfect competition assumption, the first order condition must include a markup:
The markup (λ) is a function of the elasticity of demand (ε), λ=ε i (ε i -1). Thus, pass-through can be less than complete if the markup varies. As noted by Goldberg and Knetter (1997) the condition in equation (1) is actually more general than the simple textbook monopoly case. On the one hand, we can consider the elasticities to be associated with a residual demand curve that takes into account the firm's perceptions of competitors' responses to changes in the firm's price. Additionally, the perfect competition case is also a special case of equation (1) when the demand elasticity is infinite.
Thus to estimate pass-through or PTM, empirical measures of marginal cost and factors influencing markups need to be obtained. Traditional estimates of pass-through, e.g., Mann (1986) , are derived from linear regressions of equation (1) using aggregate (e.g., import price index) data. 2 Typically these equations include a cost index, e.g., a domestic wholesale price index, and import demand shifters, e.g., a competing price and importer's income. In these studies, pass-through to the U.S. was typically found to be around 60%, changes in markup thus accounted for the residual 40% of the exchange rate change.
Two problems with these estimations include measurement error and simultaneity bias. If marginal costs are not well approximated by cost indices, which is likely, and this measurement error is correlated with the equation disturbance, then OLS estimates will be biased. Moreover, Goldberg and Knetter (1997) suggest the measurement error of existing cost indices may be correlated with exchange rates such that pass-through estimates are biased downward. In their example, foreign outsourcing increases this problem. While this is certainly a problem for estimation, it is not clear why measurement errors would produce relatively more downward bias for pass-through to the U.S. than elsewhere. The second, related problem, afflicting these early estimations is simultaneity bias. At the aggregate level, exchange rates and prices are both endogenous variables. Thus by definition, the exchange rate will be correlated with the disturbance term and, as before, OLS estimates will be biased (see, e.g., Parsley and Popper 1998) .
Both of these issues suggest a different estimation procedure is appropriate. Consequently, the empirical approach adopted here follows that developed in Knetter (1993) . The econometric problems discussed above are mitigated by the estimation method and by the choice of data. The empirical model is an analysis-of-covariance model, and it is estimated via a fixed-effects regression model. The model is estimated using a panel of disaggregated export unit-value data from Hong Kong to the top eight export destinations simultaneously. Markups and marginal costs are not directly observable, but including a full set of time dummies in the estimation controls for common (across destination) movements in price.
As noted by Knetter (1993) , the interpretation of the time effects as capturing the behavior of marginal cost is over simplified when more than one firm is in the export sector. He notes that the model still controls for common, underlying changes in industry cost.
The extent of pricing to market, then, will be measured by changes in destination-specific exchange rates. Other factors such as income and competitors' prices in the destination market may be important for establishing the absolute level of prices in the export market, but (relative) changes in these variables will generally be of much smaller magnitude than the corresponding bilateral exchange rate. Thus, in terms of export prices, the model to be estimated is:
In equation (2), lower case letters indicate natural logarithms, and ∆ represents the first-difference operator.
The subscripts now refer to country j at time t. It is thus a generalization of equation (1) in that the condition now considers an exporter selling the same product to multiple markets. The error term µ jt is assumed to be independently and identically distributed with mean zero and variance σ 2 µ . The model is estimated separately for each export product examined.
The statistical interpretation of the βs is straightforward. PTM requires a nonzero estimate of β ; in particular PTM occurs when β < 0. A value of zero for β implies that markups do not vary in response to exchange rate changes. Thus pass-through would be complete.
Two additional points merit discussion. First, the model is estimated using annual data. Recent research has indicated short-run exchange rate changes may not be passed through if they are thought to be temporary (e.g., Froot and Klemperer 1989, and Parsley 1995) . Related, is the problem of invoicing currency noted previously. If exporters invoice in the importer's currency, estimates of pass-through using high frequency data are spuriously biased downward, simply because of infrequent price adjustment (see e.g., Marston, 1990) . Consequently, annual data are employed in this study. Annual data have the further benefit that measurement issues are less severe, since in higher frequency data could more easily be influenced by changes in the composition of exports within a given category. That is, the unit-values are likely to have a higher noise content at higher frequencies. Finally, the data are disaggregated to the greatest extent possible. At a disaggregated level exchange rate changes can arguably be treated as exogenous.
Data
The original source data for this study are domestic exports (Hong Kong dollar) value and quantity, disaggregated to the five-digit SITC commodity level, from the Hong Kong Trade Statistics: Country by Commodity Domestic Exports and Re-exports, published by the Census and Statistics Department of Hong Kong SAR. For this study, the data were taken from the CD-ROM, Hong Kong External Trade, Volume 5 (1992 .
Unit-value data have well known limitations as proxies for price (see e.g., Kravis and Lipsey 1974) . In particular, unit-values may change due to changes in the commodity composition of trade. The problem is especially salient at the aggregate level. Hence the focus of this study is on unit-values at the most disaggregated level possible in the data. Other authors have used apparently even greater disaggregations, e.g., Knetter (1989 Knetter ( , 1993 uses seven-digit industries, and Takagi and Yoshida (1999) examine nine-digit industries. However, on closer inspection, the unit-values employed in this study appear to be of a comparable level of disaggregation. For example, Knetter examines beer, autos over two liters, books, and snap action switches, while Takagi and Yoshida examine plugs and sockets, microscopes, and brakes and parts. Some examples of the data included in this study are soy sauce, children's picture, drawing or coloring books, and playing cards.
Despite this level of disaggregation, there still remains the possibility for measurement error, and Hong Kong's entrepot trade data provides some unique perspective on the extent of the problem. 3 Specifically, unit-values are computed for Hong Kong exports as well as for Hong Kong re-exports. These unit-values are in many cases strongly related, however, evidence is presented below that there are differences in unit-value movements between these two data sets. Such differences presumably (largely) reflect differences in the composition of the five-digit categories. Hence all of the analysis in this study uses both sources -exports, and re-exports. None of the paper's conclusions are dependent on the particular unit-value series chosen. Additionally, it should be reiterated that this is the best data available.
Finally, from a purely statistical standpoint the issue involves the dependent variable -thus any measurement errors are incorporated into the disturbance term. Statistical problems in this case are arguably less severe than those related to mismeasurement of an independent variable.
For this study the top eight export destinations were chosen, ignoring the fixed exchange rate destinations of China and the United States. Twenty-nine five-digit export commodities were chosen from across the full spectrum of export (type) classifications. Separately, these twenty-nine products are studied as purely re-export products as a robustness check on the data. Overall, the aim was to provide variation in terms of the types of products chosen, and to choose important export industries. Thus despite using micro-data, the goal was to be representative -and, not dependent on a particular product or single export destination. Finally, the goal in choosing the largest export destinations was to improve the accuracy of the unit-value data as a measure of price and to minimize the number of missing observations. Econometrically, a key requirement of the data is for the commodities to be exported to as many of the export destinations as possible. This is the important variation that enables the common change in markups or marginal cost to be more accurately estimated. Unit-values were constructed as the value of exports of the good divided by the quantity exported. We begin by looking at domestic exports and subsequently examine domestic re-exports. The data are available at the monthly frequency. However, at this level of disaggregation there is wide variation in traded volumes. This erratic variation could increase the amount of noise in the unit-value series -particularly in cases where there is heterogeneity within the product category. Thus the analysis in this study is conducted at the annual frequency. As another precaution against the impact of large data outliers, the tables below report analysis here, the top and bottom 1% of the data have been discarded. This filter affects none of the qualitative conclusions reported below.
The nominal exchange rate data were obtained from the CEIC database, and wholesale price indices were obtained from the April 2001, International Financial Statistics CD, except for Taiwan, where data from CEIC was used. Real exchange rates were constructed as equal to the nominal exchange rate deflated by the wholesale price index in the export market.
Estimation Results
Prior to reporting regression results examining PTM coefficients we begin with a comparison of the two export unit-value series available in this panel, i.e., the series computed from Hong Kong domestic exports, and those computed from Hong Kong's re-exports. If these two series do indeed measure the same thing, their movements should be positively correlated. A strong test of this hypothesis is whether, after controlling for individual effects (α j ), the two series move together. More formally, the test would be whether =1 in equation (3). Note that, as before, ∆p represents the first difference in log price.
∆p exports = α j +γ ∆p re-exports +µ it (3) jt jt Table 2 reports the results from the twenty-nine separate regressions. In column 1 the coefficient estimates for γ are given and the p-values are in parentheses. Notice that the coefficient estimates range from negative 0.252 to 1.088, and the adjusted R-squared statistics are similarly dispersed, but generally appear small. Indeed, in only five equations is more than 50% of the variation in the domestic export unit-value explained by the estimated regression. Among the estimates of γ, the results are slightly more encouraging. Eighteen of the positive coefficients are statistically significant at the 5% level, and none of the negative coefficients is statistically significant. Finally, column 3 reports the F-statistic for the null hypothesis that =1; fully half of the equations reject this hypothesis. As noted above, this result suggests measurement error in these unit-value series. Unfortunately, there is no way to determine which series is more accurately measured. Hence all subsequent analysis will examine domestic exports and re-exports separately. Table 3 . The restriction is not rejected for any of the equations. This is consistent with the hypothesis that PTM behavior does not depend critically on the destination market. Hence, we focus on the results of the constrained regressions. Table 3 presents results using the nominal exchange rate as the measure of the exchange rate. Knetter (1993) argues the optimal export price should be neutral with respect to changes in the nominal rate that correspond to inflation in the destination market. Hence he reports estimates using the real exchange rate. One problem of this adjustment is that measurement error is introduced to the extent that the overall inflation rate diverges from the rate of change of the i th commodity. Moreover, Parsley and Popper (1998) argue that central banks that are primarily concerned with the behavior of prices will use monetary policy to try to insulate prices from exchange rate changes. Prices then appear unresponsive to changes in the exchange rate. The observed relationships between prices and the exchange rate will reflect central bank actions instead of the underlying relationship between exchange rates and prices.
Thus endogeneity of monetary policy can bias estimates of pass-through downward. For these reasons, in this study, β was estimated using both nominal and real exchange rates for robustness.
For each of the bilateral country pairs, Figure 1 plots changes in logs of both the nominal and real exchange rate series. These two series are strongly related for all eight countries. This suggests that the choice of exchange rate (real or nominal) will probably not matter much for estimates of passthrough. Indeed, none of the conclusions in this paper are affected by the exchange rate (real or nominal) used in the estimations. Thus Table 3 reports estimates using the nominal exchange rate.
The estimates of β are given in the first column of Table 3 , and the p-values are given in parentheses beneath each estimate. Roughly half of the point estimates imply local currency price smoothing. More importantly, there are only seven statistically significant estimated βs in Table 3 , and three of these imply local currency prices exacerbate exchange rate movements. Hence, we find local currency PTM in only four cases. This is in stark contrast to what Knetter (1993) finds for Germany and Japan, where more than half of the products he studied display statistically significant PTM.
Most studies of the Hong Kong economy recognize the historical importance of its role as an entrepot.
Hence Table 3 focused on Hong Kong exports only. However, for this study the distinction between purely domestic, and so-called re-exports, is less compelling. Moreover, as noted in Table 2 , the export unit-value series computed from domestic exports and those for re-exports are less than perfectly correlated. Thus, in Table 4 the analysis is repeated for Hong Kong's re-exports. For comparability, the same goods are studied as before. Table 4 conveys much the same story as Table 3 . Namely, less than one third of the point estimates of the pass-through coefficients are negative, and all three of the statistically significant coefficients are greater than zero -implying local currency prices amplify exchange rate movements. Thus, again we cannot reject the hypothesis that exporters from Hong Kong pass-through 100% of all exchange rate changes to local currency import prices. This is exactly the 'small country, perfect competition' prediction.
Moreover, of the G7 countries for which we have similar estimates, PTM behavior of U.S. exporters most closely mirrors the Hong Kong case.
The low R-squared statistics reported in Tables 3 and 4 suggest that the minimalist specification estimated and reported there may be inadequate. Hence, the equations were re-estimated incorporating a lagged dependent variable in each equation. A second re-estimation included destination-specific fixed effects.
The rationale for adding the lagged dependent variable to the basic specification given in equation (2) is to mitigate possible effects of autocorrelation in the residuals. These alternative specifications had no impact on the results.
Thus, we conclude that Hong Kong exporters fully pass-through exchange rate changes to local currency import prices. This conclusion is robust to the exclusion or inclusion of statistically extreme values, to several alternate econometric specifications, and it holds whether one examines nominal or real exchange rates, or whether we consider either domestic exports, or re-exports. Moreover, these conclusions do not appear sensitive to the particular destination market considered (at least among the eight destination markets considered here).
Conclusions
Using eight export destinations, this study has examined the pass-through behavior of a panel of fivedigit exports from Hong Kong for the years 1992-2000. The simple, competitive model predicts complete pass-through to (foreign) local currency prices, or alternatively no pricing to market. This competitive model is somewhat counter-intuitive, however, in the case of a small country. In the small country (exporter) case, it is at least plausible that the buyer (importer) may exert pressure for the exporter to absorb some of the exchange rate change. Similarly, it is sometimes conjectured that a large exporting country (e.g., the U.S.) may exert market power in the export market, and hence refuse to absorb any of the impact of exchange rate changes.
Most existing evidence, taken from G7 countries, finds varying (but positive) degrees of pricing to market.
The notable exception is for exports from the United States. Existing evidence suggests that exporters from the U.S. apparently do not price to market, while other countries routinely pass-through less than 100% of exchange rate changes. By bringing new, non-G7 evidence to this issue, this study provides a benchmark by which to interpret the puzzling behavior of U.S. export prices. A priori, Hong Kong represents the small country, competitive case. In particular, Hong Kong's highly competitive business environment is well documented. Moreover, there would appear little risk of violating the 'small country' assumption in the case of Hong Kong.
Empirically, Hong Kong's export price behavior overwhelmingly supports the competitive paradigm. In only a few cases is there evidence of less than complete pass-through by Hong Kong's exporters.
Moreover, consistent with results found by Knetter (1993) , there is no compelling evidence of differences in PTM across the destination countries in the sample. Thus, by inference, near complete pass-through by U.S. exporters suggests similar competitive behavior. p-values in parentheses, *, ** denote significant at the 5%, & 10% levels respectively. 
